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A case-control study was conducted at the National Naval
Medical Center (Maryland, USA) from 1994 to 1996 to inves-
tigate the possible association between dietary factors and
colorectal adenomas. Cases (n � 239) were subjects diag-
nosed with adenomas (146 new and 93 recurrent) by sig-
moidoscopy or colonoscopy. Those with no evidence of ade-
nomas found by sigmoidoscopy were recruited as controls
(n � 228). Dietary variables, assessed by a 100-item food
frequency questionnaire, were analyzed by the logistic re-
gression model, which was adjusted for age, gender and total
energy intake. Variables of fat intake were further adjusted
for red meat intake. An increased risk of 7% [odds ratio (OR):
1.07; 95% confidence interval (95% CI): 0.94–1.22] per 5%
energy/day from total fat was observed. Every additional 5%
unit of oleic acid intake/day significantly increased the ade-
noma risk by 115% (OR: 2.15; 95% CI: 1.05–4.39). Red meat
fat increased the risk by 20% (OR: 1.20; 95% CI: 0.71–2.04),
and white meat fat decreased the risk by 67% (OR: 0.33; 95%
CI: 0.19–0.95) for every additional 5% unit of respective in-
take/day. Risk decreased by 41% (OR: 0.59; 95% CI: 0.41–0.86)
for every additional 5% unit of fiber intake/day. Vegetable
[OR per 100 g of vegetable intake/day: 0.83, 95% CI: 0.67–
1.04] and fruit (OR per 100 g of fruit intake/day: 0.92, 95% CI:
0.82–1.03) intake showed an inverse association, and the re-
sults are suggestive of an association with the risk for adeno-
mas. In conclusion, a strong positive association between
oleic acid intake and colorectal adenoma risk was observed.
This is likely to be an indicator of “unhealthy” food (meat,
dairy, margarine, mayonnaise, sweet baked food) consump-
tion in this population. Increased intake of dietary fiber was
associated with a moderately decreased risk of adenomas.
© 2003 Wiley-Liss, Inc.
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Colorectal cancer is the second leading cause of cancer deaths in
the United States, accounting for approximately 10% of all cancer
deaths.1 Colorectal adenomas are considered to be potential pre-
cancerous lesions2 and probably share a common etio-pathogene-
sis with colorectal cancer.3 Epidemiologic studies have shown a
positive association between fat and red meat4–6 and an inverse
association between dietary fiber, fruit and vegetable intake with
the development of colorectal adenomas7–10 However, the associ-
ations with more specific types of fats, fibers, fruits and vegetables
are much less clear. Therefore, we investigated the associations
between fat and its subtypes, fiber and its subtypes, fruits and
vegetables and their subgroups in a sigmoidoscopy-based case-
control study on colorectal adenomas.

MATERIAL AND METHODS

The study was undertaken at the National Navy Medical Center
(Bethesda, MD, USA) during 1994–1996. The details of the study
have been published elsewhere.6,11 Briefly, the cases (n � 239)
were subjects with new (n � 146) or recurrent (n � 93) adenomas
diagnosed by sigmoidoscopy or colonoscopy and confirmed his-
tologically. The controls (n � 228) were subjects who were found
to be free of adenomas on examination by sigmoidoscopy, during
the same time period, and were frequency-matched to cases by age
(� 5 years) and gender. The subjects were resident of the study
area between the ages of 18 and 74 years and had never been
diagnosed with Crohn’s disease, ulcerative colitis or cancer (ex-
cept nonmelanoma of the skin). The study was approved by the

institutional review boards of both the National Cancer Institute
and the National Naval Medical Center. Written informed consent
was obtained from all participants. The participation rates were
84% for the cases and 74% for the controls.

A validated self-administered food frequency questionnaire, a
modified version of the 100-item health habits and history ques-
tionnaire,12 was used to obtain information on diet for the past 12
months before endoscopy. Frequencies of consumption as well as
serving sizes were included in the questionnaire. Values for nutri-
ent intake were computed by using the HHHQ-DIETSYS13 soft-
ware.

Data analysis
Initially, mean intake (g/day) for the nutrient variables between

new and recurrent adenoma cases were tested by t-statistic. In the
absence of any significant differences, both new and recurrent
adenomas were considered together for subsequent analysis. Odds
ratios (ORs) and 95% confidence intervals (95% CIs) were calcu-
lated using a logistic regression model14 on continuous variables.
ORs comparing the risk for disease at the 90th versus 10th percen-
tiles were estimated, using logistic regression models also based on
continuous variables as nutrient intake/(90th percentile of nutrient
intake � 10th percentile of nutrient intake). The 10th and 90th

percentiles of nutrient intake were based on the distribution of the
control group. One of the advantages of this approach over the
categorical comparison of exposure subgroups (e.g., � 10th per-
centile vs. � 90th percentile) is that all subjects were included in
the analysis, with concomitant increased power.

The linear relationship was checked by adding a quadratic term
to the regression model, which was not statistically significant.
Furthermore, kernel-smoothing regression was done to study the
dose-exposure relationship nonparametrically. These plots then
suggested that logistic-linear models were appropriate for contin-
uous variables.15

All analyses were adjusted for age, gender and total energy
intake. In a separate analysis, data for males and females were
analyzed separately including sex as a potential confounder. The
following factors were tested as potential confounders: family
history of colorectal cancer (yes/no), pack year of cigarettes
smoked (years), alcoholic beverage intake (g/day), ethnicity (non-
Hispanic White/others), body mass index (continuous), physical
activity (hours/week of vigorous and moderate activity), use of
nonsteroidal antiinflammatory drugs (use of � 1 per week for at
least 3 months prior to diagnosis/nonregular use) and red meat
intake (g/day). Potential confounding was tested for each factor in
separate models as well as for all factors in the same model.
Variables that changed the risk estimate of interest by �10% were
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considered as potential confounders and were included in the
model.

A multivariate nutrient-density method was used to adjust for
energy by including nutrient intake in terms of percentage of total
energy in calories as well as the total calorie intake in the regres-
sion model.16 The risk estimates for fat and fiber (total and sub-
types) variables were represented as an effect of a 5% unit change
in energy from each type. Fat and fiber variables were specified in
different subtypes and modeled simultaneously so that their total
was equal to the total intake on each variable. We looked at
addition effects, which represent the risk associated with adding
the amount of each specific fat or fiber while keeping the con-
sumption of fat or fiber from other sources constant.17,18 The risk
estimates for fruits and vegetables (all and subgroups) were rep-
resented as an effect of 100g/day increase in consumption. Fruits
and vegetables are presented in g/day so as to be able to compare
the odds ratios directly for related food items, and to see which
ones are the most likely to be associated with increased or de-
creased risk.18

RESULTS

Median age was higher in cases and with male preponderance.
Family history of colorectal cancer was more common in cases.
Cases smoked more, consumed alcoholic beverages more and were
less likely to use nonsteroidal antiinflammatory drugs on a regular
basis. The differences in body mass index or physical activity
between cases and controls were small. Red meat consumption and
total energy intake were higher among cases (Table I).

Fat
Median (10th, 90th percentiles) intake of percentage of energy

from various fats was as follows: 30 (19, 40) for total fat; 10 (6,
14) for saturated fatty acids; 20 (13, 27) for unsaturated fatty acids;
11 (7, 15) for oleic acid; 5 (3, 9) for linoleic acid; 7 (3, 12) for total
meat fat; 5 (2, 10) for red meat fat; and 2 (0.5, 4) for white meat
fat. The Spearman correlation coefficients (r) estimated from 228
sigmoidoscopy negative controls between total fat and its compo-
nents such as saturated (r � 0.90), unsaturated (r � 0.96) and oleic
acid (r � 0.96) were high (Table II).

Odds ratios for total fat and its components did not show a
change of �10% except for red meat after adjusting for all poten-
tial confounders both separately and simultaneously. The effect of
fat and its subtypes were attenuated by �10% after adjusting for
red meat. Therefore red meat was included in these models apart
from age, gender and total energy.

As a percent of total energy consumption, every additional 5%
unit of total fat intake/day nonsignificantly increased the risk of
adenomas by 7% (OR: 1.07; 95% CI: 0.94-1.22) (Fig. 1). The
increased risk of 7% from total fat was partitioned into 17% (OR:

1.17; 95% CI: 0.89–1.54) increased risk for every additional 5%
unit of unsaturated fatty acids intake/day and 11% (OR: 0.89; 95%
CI: 0.55–1.44) decreased risk for every additional 5% unit of
saturated fatty acids intake/day (Fig. 1). Further subdivision of
unsaturated fatty acids into oleic acid, linoleic acid and other
unsaturated fatty acids showed a statistically significant increased
risk of 115% (OR: 2.15; 95% CI: 1.05–4.39) for every additional
5% unit of oleic acid intake/day, as well as decreased risks of 10%
(OR: 0.90; 95% CI: 0.50–1.62) and 53% (OR:0.47; 95% CI:0.17–
1.33) for every additional 5% unit of linoleic acid and other
unsaturated fatty acid intake/day, respectively (Fig. 1). The ORs
comparing 90th to 10th percentiles were 1.63 (95% CI: 0.68–3.95)
for total fat, 1.90 (95% CI: 0.55–6.59) for unsaturated fatty acids,
11.62 (95% CI: 1.42–95.31) for oleic acid and 0.67 (95% CI:
0.27–1.67) for linoleic acid.

Subdivision of total fat intake into meat fat and fat from other
sources resulted in a decreased risk of 13% (OR: 0.87; 0.57–1.34)
per 5% unit of meat fat intake/day and an increased risk of 8%
(OR: 1.08; 95% CI: 0.95–1.24) per 5% unit of other fat intake/day
(Fig. 2). Further subdivision of meat fat showed 20% (OR: 1.20;
95% CI: 0.71–2.04) increased risk for every additional 5% unit of
red meat fat intake/day and 57% (OR: 0.43; 95% CI: 0.19–0.95)
decreased risk for every additional 5% unit of white meat fat
intake/day. The ORs comparing 90th to 10th percentiles were 2.00
(95% CI: 0.57–7.02) for red meat fat, and 0.64 (95% CI: 0.39–
1.06) for white meat fat.

Fiber
Median (10th, 90th percentiles) intake of percentage of energy

from various fibers was as follows: 6 (4, 11) for total fiber; 2 (1, 3)
for vegetable fiber; 1.4 (0.4, 4) for fruit fiber; and 2 (1, 4) for grain
fiber. Only age, gender and total energy intake were included in the
model as none of the risk estimates for total fiber and its compo-
nents were changed by �10% after adjusting for all potential
confounders separately and simultaneously.

A statistically significant decreased risk for colorectal adenomas
of 33% (OR: 0.67; 95% CI: 0.45–0.99) for every additional 5%
unit of total fiber intake/day was observed (Fig. 3). On subdividing
total fiber into vegetable, grain and fruit fiber, decreased risks of
10%, 31% and 39% were observed for every additional 5% unit of
respective fiber intake/day (Fig. 3).

Fruits and vegetables
Analysis of all fruits and vegetables and subgroups indicated

that higher intake was associated with reduced risk for develop-
ment of adenomas (Table III). However, none of the variables
showed significant effect. Vegetable (OR per 100 g of vegetable
intake/day: 0.83, 95% CI: 0.67–1.04) and fruit (OR per 100g of
fruit intake/day: 0.92, 95% CI: 0.82–1.03) intake showed an in-
verse relationship, and the results are suggestive of an association
with the risk for adenomas (Table III).

TABLE I – CHARACTERISTICS OF CASES WITH COLORECTAL ADENOMAS AND SIGMOIDOSCOPY-NEGATIVE
CONTROLS, NATIONAL NAVY MEDICAL CENTER, MD, US, 1994–1996

Characteristics Cases
(n � 239)

Controls
(n � 228)

Female (%) 23 37
Ethnicity (%)

Non-Hispanic whites 89 90
Others 11 10

Colorectal cancer in family (%) 16 12
Nonsteroidal antiinflammatory drugs (%) 52 65
Age (yrs) 60 (47, 72)1 57 (46, 71)1

Body mass index (kg/m2) 27 (22, 32) 26 (21, 32)
Physical activity (hr/wk) 6 (0, 18) 7 (1, 16)
Smoking (pack/year) 5 (0, 58) 0 (0, 33)
Alcoholic beverage (g/d) 144 (0, 731.9) 116.8 (0, 731.9)
Total calories (kcal/d) 1567 (1026, 2506) 1488 (943, 2349)
Red meat (g/d) 50 (12, 113) 36 (8, 91)
1Median value (10th and 90th percentile).
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The ORs corresponding to both the sex-specific analysis and the
combined analysis for all variables such as fat, fiber and fruits and
vegetables and their subtypes (data not shown) had rather similar
values. However, none of the associations were statistically sig-
nificant except for the OR corresponding to oleic acid intake and
the adenoma risk among males (OR: 2.50; 95% CI: 1.04–6.0).

DISCUSSION

The present study relating to the development of colorectal
adenomas focused on fat, fiber, fruits and vegetables and their
various subtypes. A positive association was observed between the
risk of adenomas and fat intake, particularly for the intake of oleic
acid. A moderately strong inverse association was observed for
adenoma risk and fiber intake. Higher intake of fruits and vegeta-
bles indicated an inverse, statistically nonsignificant association
with the development of adenomas.

Several studies have suggested that diet plays a role in the
etiology of colorectal adenomas. Some studies have reported that
dietary fat was positively associated with colorectal adeno-
mas.4,5,7–9 The results of the present study also suggest an increase

in the risk of colorectal adenoma associated with increasing intake
of total fat, which persist although they are weaker after adjusting
for red meat.

When we further investigated fat subtypes, unsaturated fat in-
take, especially oleic acid—the major monounsaturated fatty
acid—was associated with an increased risk for colorectal adeno-
mas. Only minimal data were available from other studies to
evaluate the finding for subtypes of fat observed in the present
study. However, 2 studies reported a positive association between
oleic acid and risk for neoplasm. One was a prospective cohort
study of postmenopausal women in the United States, which found
a significant increased breast cancer risk for high intake of oleic
acid.19 In the other, Slattery et al.20 found an increased risk of
colon cancer with increasing consumption of monounsaturated
fatty acids among women with a family history of colorectal
cancer. The primary foods contributing to oleic acid intake in our
study population were meat (24.1%), dairy products (18.1%),
margarine (11.5%), biscuits, muffins, doughnuts and cookies
(10.1%), and mayonnaise, salad oil and cooking oil (9.2%). A
plausible hypothesis may be that oleic acid is a marker of un-
healthy diet in the study population because several of the above

TABLE II – SPEARMAN CORRELATION COEFFICIENTS OF FAT INTAKE AND ITS COMPONENTS ESTIMATED FROM 228 SIGMOIDOSCOPY-NEGATIVE
CONTROLS, NATIONAL NAVY MEDICAL CENTER, MD, US, 1994–1996

Fat and subtypes Total
fat

Saturated
fatty
acids

Unsaturated
fatty acids

Oleic
acid

Linoleic
acid

Total
meat
fat

Red
meat
fat

White
meat
fat

Other
source

fat

Total fat 1.00
Saturated fatty acids 0.90 1.00
Unsaturated fatty acids 0.96 0.76 1.00
Oleic acid 0.96 0.84 0.94 1.00
Linoleic acid 0.78 0.55 0.85 0.70 1.00
Total meat fat 0.38 0.40 0.33 0.42 0.14 1.00
Red meat fat 0.45 0.48 0.40 0.50 0.20 0.92 1.00
White meat fat �0.10 �0.10 �0.07 �0.09 �0.08 0.41 0.08 1.00
Other source fat 0.41 0.22 0.49 0.36 0.19 0.14 0.12 0.09 1.00

FIGURE 1 – Association between total fat and different fatty acid intake and colorectal adenoma.
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foods such as margarine, mayonnaise and sweet baked food con-
tain the hydrogenated fat, which is rich in trans-fatty acids and
might be associated with an increased risk of colorectal neopla-
sia.20–22

In contrast, olive oil, in which the predominant fatty acid is oleic
acid, showed a protective effect for breast cancer and might be
inversely associated with colon cancer.23 Olive oil is widely used
in the Mediterranean diet, which is high in whole grains, fruits and
vegetables and might also serve as proxy for a healthy diet.
Therefore, it is also important to consider the underlying foods that
contribute to the intake of the specific fat subtypes and modifica-
tion of fat by food processing (hydrogenation), when comparing
findings from different study populations with different diets.
Furthermore, we noted that the various dietary fat subtypes were
highly correlated. The difficulty in disentangling their independent
association with colorectal adenomas results in less precise esti-
mates (Table II). However, the high correlation does not explain
the significant positive association between adenoma risk and oleic
acid especially when compared with total fat intake.

Previous studies4–6 have found that increased red meat intake
was associated with a high risk for colorectal adenomas whereas
high consumption of white meat was associated with a low risk of
colorectal adenomas.9,24 In the present study we observed only a
weak positive association between red meat fat and colorectal
adenomas. The attenuation of risk estimate for red meat fat after
adjusting for red meat indicated that the previously observed
association6 between adenoma risk and red meat intake was mainly
due to meat components other than fat. These other components of
meat such as meat cooking practice25 or preserved vs. processed
meats26 may be more important than fat from red meat in relation
to colon adenoma risk.

Several studies have reported an inverse association between
fiber intake and risk for adenomas.7–10,27–31 However, there are
other studies that show no clear association between dietary fiber
and risk for adenomas,32,33 and hence the evidence is not conclu-
sive. Our finding of an inverse association supports the hypothesis
that a high fiber diet can reduce the risk for colorectal adenomas as
the fiber may bind to bile acids, reduce colonic transit time,

increase stool bulk, ferment fatty acids that may be anticarcino-
genic and reduce the conversion of primary to secondary bile acids
by lowering stool pH.34 A strong inverse association between fruit
fiber and adenoma risk was also reported in other studies.10,35 Fruit
fiber in particular is high in pectin content, which is highly soluble
and a fermentable fiber. The effect of fruit fiber might be due to the
antiproliferative effect of short chain fatty acids produced by the
gut flora.

The absence of strong associations between fruits and vegeta-
bles and colorectal adenomas in the study population contrasts
with findings in various epidemiologic studies demonstrating that
a diet rich in fruits and vegetables protects against the development
of different types of cancer, including colon neoplasia.10,36 In the
present study the associations between fruits and vegetables and
colorectal adenomas are consistent with findings of recent cohort
studies,37–39 which do not support the hypothesis that increased
consumption of fruits and vegetables provides biologic plausibility
for reduction in the incidence of colorectal cancers.40 The com-
monly cited limitations of food frequency questionnaire, including
the requirement of memory and quantitative skills on the part of
the respondent, and the reporting of greater consumption of
“healthier” foods, probably led to some degree of nondifferential
misclassification of subjects for fruit and vegetable intake, and
subsequently to attenuated risk.

The intake of foods (and hence macronutrients) can be different
for men and women. Therefore, in addition to analyzing sex solely
as a potential confounder, a sex-specific analysis that included sex
as a potential confounder was also performed. However, the results
did not show any difference in the risk.

The retrospective assessment of dietary intake in the present
study has the potential for recall bias. However, as the cases had
adenomas rather than cancer, it is less likely that dietary habits
changed after diagnosis. For these reasons, we expect that their
responses to questions about the usual dietary habits are less likely
to be influenced by their disease. Another limitation of the study
was that the cases were interviewed only after the treatment
procedures were completed, which could have led to potential

FIGURE 2 – Association between total fat and fat from different sources and colorectal adenoma.
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FIGURE 3 – Association between total fiber and different sources of fiber and colorectal adenoma.

TABLE III – ASSOCIATION BETWEEN FRUIT AND VEGETABLE INTAKE AND COLORECTAL ADENOMA;
ODDS RATIO (OR) AND 95% CONFIDENCE INTERVAL (95% CI) PER 100 G/DAY INTAKE

ADJUSTED FOR AGE, GENDER, AND TOTAL ENERGY

Factors (100 gm/day)1 Distribution1 OR (95% CI)

All fruits/fruit juice 235.3 (65.2, 499.2) 0.92 (0.82–1.03)
Citrus fruits 108.5 (14.2, 287.9) 0.92 (0.78–1.08)
All vegetables 165.6 (79.5, 295.7) 0.83 (0.67–1.04)
Vegetables excluding mature beans 152.0 (76.5, 284.0) 0.85 (0.67–1.08)
Vegetables excluding starch-rich 111.3 (41.4, 209.0) 0.82 (0.62–1.07)
Cruciferous vegetables 12.5 (1.4, 38.8) 0.62 (0.23–1.72)
Yellow-orange vegetables 11.9 (1.0, 35.0) 0.90 (0.34–2.33)
Green-leafy vegetables 69.7 (25.5, 126.5) 0.72 (0.46–1.12)
Lycopene-rich vegetables 15.2 (1.8, 52.4) 0.51 (0.20–1.29)
All fruits � all vegetables2 407.6 (186.3, 738.4) 0.92 (0.84–1.00)
1Median (10th, 90th percentiles) in control subjects only. –2All fruits: apple, applesauce, pears, banana,

peach, plums, cantaloupe, watermelon, strawberries, orange, grapefruit, grapes, apricots, raisins, prunes,
pineapple, fruit mix, jelly, jam, orange juice, apple juice, other fruit juice, fruit drinks.

Citrus fruits: oranges, grapefruits, orange juice and grapefruit juice.
All vegetables: string beans, green beans, peas, corn, squash, zucchini, broccoli, cauliflower, Brussel

sprouts, spinach, mustard greens, turnip greens, collards, kale, Swiss chard, mixed vegetables, coleslaw,
cabbage, sauerkraut, carrots, lettuce, green pepper, cucumber, celery, beets, tomatoes, canned tomatoes,
tomato sauce, ketchup, salsa, red chili sauce, onions, garlic, potatoes prepared other ways, sweet potatoes,
tofu soybeans, chili with beans, other beans, vegetable and tomato soups, tomato juice.

Vegetables excluding mature beans: all vegetables excluding chili with beans and other beans such as
baked beans, pintos, kidney, limas and lentils from all vegetables.

Vegetables excluding starch-rich: all vegetables excluding peas, corn, sweet potatoes, yams, other
potatoes, including boiled, baked, mashed and potato salad from vegetables excluding mature beans.

Cruciferous vegetables: broccoli, brussels sprouts, cauliflower, cole slaw, cabbage, sauerkraut, mustard
green, turnip greens, collards, kale, chard.

Yellow-orange vegetables: winter squash like zucchini, baked squash, carrots and sweet potatoes.
Green-leafy vegetables: string beans, green beans, peas, broccoli, spinach, mustard green, turnip greens,

collards, kale, chard and green salad.
Lycopene-rich vegetables: tomatoes and tomato juice.
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recall bias. However, as noted above, fewer problems are likely to
be posed when adenomas (compared with cancer) are studied.

Further limitations faced by the study include both selection bias
and issues regarding participation rates: cases had a full colonos-
copy, whereas controls had only a flexible sigmoidoscopy; and
thus some controls might have had undetected adenomas. These
undetected adenomas among the controls could tend to attenuate
the results. Also the nonparticipation rates were slightly higher
(10%) among controls than cases. In both groups this was largely

due to subject refusal. The relatively small percentage difference in
nonparticipation rates probably has a negligible effect on the
results.

In summary, we observed increased colorectal adenoma risk
with increased fat intake. The strong positive association between
adenoma risk and intake of oleic acid is likely to be an indicator of
“unhealthy” food intake. However, the relationship needs further
exploration. An inverse association was observed between ade-
noma risk and fiber, particularly fruit and grain fiber.

REFERENCES

1. American Cancer Society. Cancer facts and figures. Atlanta, GA:
ACS, 2000. 1–40.

2. Lev R. Adenomatous polyps of the colon. New York: Springer-
Verlag, 1990.

3. Neugut AI, Garbowski GC, Lee WC, Murray T, Nieves JW, Forde
KA, Treat MR, Waye JD, Fenoglio-Preiser C. Dietary risk factors for
the incidence and recurrence of colo-rectal adenomatous polyps: a
case-control study. Ann Intern Med 1993;118:91–5.

4. Kono S, Imanishi K, Shinci K, Yanai F. Relationship of diet to small
and large adenomas of the sigmoid colon. Jpn J Cancer Res 1993;84:
13–9.

5. Probst-Hensch NM, Sinha R, Longnecker MP, Witte JS, Ingles SA,
Frankl HD, Lee ER, Haile RW. Meat preparation and colorectal
adenomas in a large sigmoidoscopy-based case-control study in Cal-
ifornia (United States). Cancer Causes Control 1997;8:175–83.

6. Sinha R, Chow W-H, Kulldorff M, Denobile J, Butler J, Garcia-
Closas M, Weil R, Hoover RN, Rothman N. Well-done, grilled red
meat increases the risk of colorectal adenomas. Cancer Res 1999;59:
4320–4.

7. Neugut AI, Jacobson JS, DeVivo I. Epidemiology of colorectal ad-
enomatous polyps. Cancer Epidemiol Biomarks Prev 1993;2:159–76.

8. Lubin F, Rozen P, Arieli B, Farbstein M, Knaani Y, Bat L, Farbstein
H. Nutritional and lifestyle habits and water-fiber interaction in colo-
rectal adenoma etiology, Cancer Epidemiol Biomarks Prev 1997;6:
79–85.

9. Haile RW, Witte JS, Longnecker MP, Probst-Hensch N, Chen MJ,
Harper J, Frankl HD, Lee ER. A sigmoidoscopy-based case-control
study of polyps: macronutrients, fiber and meat consumption. Int J
Cancer 1997;73:497–502.

10. Platz EA, Giovannucci E, Rimm EB, Rockett HRH, Stampfer MJ,
Colditz GA Willet WC. Dietary fiber and distal colorectal adenoma in
men. Cancer Epidemiol Biomark Prev 1997;6:661–70.

11. Peters U, McGlynn KA, Chatterjee N, Gunter E, Garcia-Closas M,
Rothman N, Rashmi S. Vitamin D, calcium, and vitamin D receptor
polymorphism in colorectal adenomas. Cancer Epidemiol Biomark
Prev 2001;10:1267–74.

12. Smucker R, Block G, Coyle L, Harvin A, Kessler L. A dietary and risk
factor questionnaire and analysis system for personal computers. Am J
Epidemiol 1989;129:445–9.

13. HHHQ-DIETSYS. Health habits and history questionnaire: diet his-
tory and other risk factors. Analysis software, Version 3.0, National
Cancer Institute, 1993.

14. Hosmer DW, Lemeshow S. Applied logistic regression. New York:
John Wiley & Sons, 1989.

15. Hastie T, Tibshirani R. Generalized additive models. London: Chap-
man & Hall, 1990.

16. Willet WC. Nutritional epidemiology. New York: Oxford University
Press, 1990.

17. Kipnis V, Freedman LS, Brown CC, Hartman A, Schatzkin A,
Wacholder S. Interpretation of energy adjustment models for nutri-
tional epidemiology. Am J Epidemiol 1993;137:1376–80.

18. Kulldorff M, Sinha R, Chow WH, Rothman N. Comparing odds ratios
for nested subsets of dietary components. Int J Epidemiol 2000;29:
1060–4.

19. Velie E, Kulldorff M, Schairer C, Block G, Albanes D, Schatzkin A.
Dietary fat, fat subtypes, and breast cancer in postmenopausal women:
a prospective cohort study. J Natl Cancer Inst 2000;92:833–9.

20. Slattery ML, Potter JD, Duncan DM, Berry TD. Dietary fats and colon
cancer: assessment of risk associated with fatty acids. Int J Cancer
1997;73:670–7.

21. McKelvey W, Greenland S, Chen MJ, Longnecker MP, Frankl HD,
Lee ER, Haile RW. A case-control study of colorectal adenomatous

polyps and consumption of foods containing partially hydrogenated
oils. Cancer Epidemiol Biomark Prev 1999;8:519–24.

22. McKelvey W, Greenland S, Sandler RS. A second look at the relation
between colorectal adenomas and consumption of foods containing
partially hydrogenated oils. Epidemiology 2000;11:469–73.

23. Lipworth L, Martinez ME, Angell J, Hsieh CC, Trichopoulos D. Olive
oil and human cancer: an assessment of the evidence. Prev Med
1997;26:181–90.

24. Caderni G, Palli D, Lancioni L, Russo A, Luceri C, Saieva C, Trallori
G, Manneschi L, Renai F, Zacchi S, Salvadori M, Dolara P. Dietary
determinants of colorectal proliferation in the normal mucosa of
subjects with previous colon adenomas. Cancer Epidemiol Biomark
Prev 1999;8:219–25.

25. Ames BN. Dietary carcinogens and anticarcinogens: oxygen radicals
and degenerative diseases. Science 1983;221:1256–64.

26. Suzuki K, Mitsuoka T. Increase in faecal nitrosamines in Japanese
individuals given a Western diet. Nature 1981;294:453–6.

27. Breuer-Katschinski B, Nemes K, Marr A, Rump B, Leiendecker B,
Breuer N, Goebell H. Colorectal adenomas and diet: a case-control
study. Colorectal Adenoma Study Group. Dig Dis Sci 2001;46:86–95.

28. Martinez ME, McPherson RS, Annegers JF, Levin B. Association of
diet and colorectal adenomatous polyps: dietary fiber, calcium, and
total fat. Epidemiology 1996;7:264–8.

29. Sandler RS, Lyles CM, Peipins LA, McAuliffe CA, Woosley JT,
Kupper LL. Diet and risk of colorectal adenomas: macronutrients,
cholesterol, and fiber. J Natl Cancer Inst 1993;85:884–91.

30. Little J, Logan RFA, Hawtin PG, Hardcastle JD, Turner ID. Colorec-
tal adenomas and diet: a case-control study of subjects participating in
the Nottingham faecal occult blood-screening programme. Br J Can-
cer 1993;67:177–84.

31. Macquart-Moulin G, Riboli E, Cornee J, Kaaks R, Berthezene P.
Colorectal polyps and diet: a case-control study in Marseilles. Int J
Cancer 1987;40:179–88.

32. Giovannucci E, Rimm EB, Stampfer MJ, Colditz GA, Ascherio A,
Willett WC. Intake of fat, meat and fiber in relation to risk of colon
cancer in men. Cancer Res 1994;54:2390–7.

33. Gaard M, Tretli S, Loken EB. Dietary factors and risk of colon cancer:
a prospective study of 50,535 young Norwegian men and women. Eur
J Cancer Prev 1996;5:445–54.

34. Potter JD, Slattery ML, Bostick RM, Gapstur SM. Colon cancer: a
review of the epidemiology. Epidemiol Rev 1993;15:499–545.

35. Fuchs CS, Giovannucci EL, Colditz GA, Hunter DJ, Stampfer MJ,
Rosner B, Speizer FE, Willett WC. Dietary fiber and the risk of
colorectal cancer and adenoma in women. N Engl J Med 1999;340:
169–76.

36. Terry P, Giovannucci E, Michels KB, Bergkvisit L, Hansen H, Holm-
berg L, Wolk A. Fruit, vegetables, dietary fiber, and risk of colorectal
cancer. J Natl Cancer Inst 2001;93:525–33.

37. Pietinen P, Malila N, Virtanen M, Hartman TJ, Tangrea JA, Albanes
D, Virtamo J. Diet and risk of colorectal cancer in a cohort of Finnish
men. Cancer Causes Control 1999;10:387–96.

38. Voorrips LE, Goldbohm RA, vanPoppel G, Sturman F, Hermus RJ,
vanden Brandt PA. Vegetable and fruit consumption and risks of
colon and rectal cancer in a prospective cohort study: The Netherlands
cohort study on diet and cancer. Am J Epidemiol 2000;152:1081–92.

39. Michels KB, Giovannucci E, Joshipura KJ, Rosner BA, Stampfer MJ,
Fuchs CS, Colditz GA, Speizer FE, Willet WC. Prospective study of
fruit and vegetable consumption and incidence of colon and rectal
cancers. J Natl Cancer Inst 2000;92:1740–52.

40. Steinmetz KA, Potter JD. Vegetables, fruit, and cancer. II. Mecha-
nisms. Cancer Causes Control 1991;2:427–42.

292 MATHEW ET AL.


